Introduction: Internationally, standard care of patients with severe sepsis consists of early detection, early antimicrobial therapy, and aggressive intravenous fluid therapy to maintain tissue oxygenation and perfusion. In this retrospective study, we aimed to examine the management of patients with severe sepsis in a local university hospital emergency department before and after the implementation of a sepsis management guideline. Method: We collected data on the management and outcome of patients during a three-month period before the implementation of a sepsis guideline (October-December 2009). We then collected similar data one year after the implementation (October-December 2010). Key sepsis management areas and inhospital mortality rates were compared, as were length of resuscitation, three-month mortality rate, hospital length of stay (LOS) and intensive care unit (ICU) LOS. Results: Data from 115 patients were collected in the pre-implementation group, while data on 102 patients were collected for the post-implementation group. There were more patients with hypoperfusion in the post-implementation cohort (25.2% vs. 40.2%, p=0.019). There was no difference in background characteristics, average lactate value, average MAP or number of hypotensive patients between the two groups. Significantly more antibiotics were given after the intervention (13.0% vs. 23.5%, p=0.045) and more patients had a lactate level measured (43.0% vs. 73.5%; p<0.001). There was a trend towards better survival for a subgroup of patients with hypoperfusion (48.0% vs. 29.2%, p=0.060). Conclusions: Implementation of a sepsis guideline leads to more antibiotics being given and more lactate measurement in the emergency department.
Introduction
The reported mortality rate of patients suffering from sepsis is as high as 60%. 1 While the outcome for acute myocardial infarction, strokes and trauma has been improving, mortality rates for sepsis has been consistently high. Many emergency physicians do not appreciate the high prevalence and high mortality rates of sepsis. There is no single test that can diagnose sepsis, and signs and symptoms of sepsis are often masked by other disease processes. Many resources are expended in the treatment of sepsis patients; it is estimated up to 40% of intensive care unit (ICU) 2 expenditure is related to the treatment of sepsis and its complications.
The "Surviving Sepsis Campaign" is an international collaboration to promote evidence based sepsis management, which published its first guideline in 2004. The global aim of the Surviving Sepsis Campaign was to improve sepsis management and a 25 percent reduction in sepsis mortality within the next 5 years (since 2009). This updated guideline provided many recommendations for early resuscitation in the emergency department (ED) and ICU for patients suffering from severe sepsis. 3 Most published research in this area has focused on patients in the ICU. Septic patients with terminal conditions, or patients from a nursing home are frequently not admitted to ICU, and the standard of treatment in the ED for these patients is sometimes suboptimal. Invasive procedures, such as central venous catheterisation, tracheal intubation and renal replacement therapy, may not be appropriate in this group of patients. However, simple non-invasive haemodynamic monitoring, fluid resuscitation, blood cultures and administration of antimicrobials should be offered to all critically ill septic patients.
In early 2010, our unit implemented a sepsis management guideline for all patients with sepsis who required resuscitation. Many EDs have well designed multi-disciplinary protocols for the management of patients with polytrauma, acute myocardial infarction and stroke, yet few EDs in Hong Kong have a sepsis management guideline in place. This study aimed to examine the changes in the patient care process after the implementation of a sepsis guideline and to identify any changes in patient outcome.
Methods
This study took place between October 2009 to December 2009 (pre-implementation control group) and October to December 2010 (post-implementation group) in a tertiary university teaching hospital emergency department with a daily attendance of 400. This study was approved by the Joint Chinese University of Hong Kong -New Territories East Cluster Clinical Research Ethics Committee.
Patients
Patients were selected if they met the following criteria: 1. Triage category 1 (critical) or 2 (emergency) based on the Hospital Authority triage guidelines. 4 These patients have unstable vital signs and are resuscitated immediately in the resuscitation room; 2. Have the systemic inflammatory response syndrome, 5 which consists of any 2 of the following criteria:
• Heart rate of more than 90 beats per minute A list of all patients who were resuscitated during the study period was obtained from the resuscitation register. Their clinical data were then retrieved from the Hong Kong Hospital Authority Clinical Management System (version 2.0). Data from patients who met the above criteria were collected and analysed in this study.
For vitals that were not available from the triage notes, the first available vitals obtained during resuscitation was used. For white blood cell count, the results were only available after patients had been admitted. For patients without blood testing done in the emergency department, the values of the first in-patient measurement were used.
In this study, the following definitions were used:
• Severe sepsis − Patients with sepsis and unstable vital signs, or new organ dysfunction. Most recruited patients in this study are considered to be suffering from severe sepsis. We used the criteria of category 1 and 2 from the Hospital Authority triage guideline, 4 as unstable vitals. In general these patients had vitals that were markedly deviated from normality.
• Sepsis with hypoperfusion − Patients with sepsis and; either mean arterial blood pressure less than 65 mmHg or serum lactate level above 4 mmol/L. Patients with vitals meeting this criteria were used for subgroup analysis.
Implementation of sepsis guideline
A sepsis management guideline was designed, which consisted of a management flow chart (Figure 1) , and a 3 with modifications made to suit local practice. The document emphasised good compliance with basic treatment and monitoring of patients with severe sepsis (e.g. close haemodynamic monitoring, taking blood cultures, administrating antibiotics, appropriate imaging, etc.). It was not a "protocol" to be used for all patients with suspected sepsis; rather a list of suggestions and the clinicians were free to exercise their own clinical judgement. An one-page table of suggested empirical antibiotics (Table 1 ) was drafted after reviewing the hospital antibiograms of the preceding years, the IMPACT guidelines 6 of the Hospital Authority, and the relevant guidelines from the Infectious Diseases Society of America. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] The suggestions were reviewed and discussed with hospital microbiologist.
The following educational events were held in the ED to facilitate the implementation of the guideline: 1. A presentation about the guideline was given to the medical and nursing staff. 2. Two interactive tutorial sessions were held for nursing staff. 3. Cases of patients with severe sepsis were discussed during departmental meetings.
In addition, the antibiotics cache in the emergency department was rationalised and reorganised, and was relocated to be in the resuscitation room.
Outcome measures
The patient's age, temperature, blood pressures, heart rate, respiratory rate, oxygen saturation and data on significant co-morbidities were collected. Laboratory values, such as serum lactate level, blood pH, PaCO 2 , and white cell count were also obtained. Administration of antibiotics during resuscitation was used as the primary outcome. The following key management areas were used as secondary outcomes in this study: 1. Number of patients left the resuscitation room with mean arterial blood pressure (MAP) less than 65 mmHg (i.e. uncorrected hypotension); 2. Number of patients leaving the resuscitation room with oxygen saturation (SpO 2 ) less than 92% (i.e. uncorrected hypoxaemia);
3. Number of patients whose serum lactate level was measured; 4. Number of patients who had blood culture samples taken; 5. In-hospital mortality rate.
The lactate and blood gas reading where done by a bed side point of care machine installed in the resuscitation room (Gem Premier 4000, Instrumentation Laboratory).
Additional outcome measurements included duration of resuscitation, acute hospital length of stay (LOS), ICU LOS, and 3 month mortality rate were also collected. Finally, the diagnosis made by the attending emergency physician at the end of the resuscitation Figure 1 . Flowchart for management of sepsis. 
Statistical analysis
Baseline data for the pre-implementation and the postimplementation groups were summarised by their mean or median. Comparison between groups was performed using the Student's t-test, the Chi-square test, the Fisher's exact test or the Wilcoxon's rank sum test as appropriate. All tests were two-sided and P-value of 0.05 or less was considered to indicate statistical significance.
Collected data were processed using SPSS 19.0 (International Business Machines Corporation). Assuming a two-sided type I error rate of 5%, and a power of 80%, we calculated a sample size of 100 was required to demonstrate a 15% improvement in the primary outcomes.
Results

Baseline characteristics
We identified and evaluated 115 patients in the control group and 102 patients in the post implementation group (Table 2 ). There were no differences in the In a post-hoc subgroup analysis of patients who presented with hypoxaemia (i.e. SpO 2 <92%), more patients had their hypoxaemia corrected after implementation of the guideline (p=0.028).
There was an increase in the duration of resuscitation (42±29 vs. 50±34 minutes, p=0.059), with a mean of 8 minutes longer in the post implementation group, although this failed to reach statistical significance.
Discussion
This study suggested that the introduction of a simple one page sepsis management guideline, along with a brief educational initiative in the ED, could lead to improvements in the care of the septic patient.
Severe sepsis is common and is associated with high mortality and morbidity 19, 20 and its prevalence is expected to rise in the face of an ageing population. This is the first local ED report on epidemiology and patient outcomes in sepsis, and the results are comparable to published articles from overseas. In Rivers' landmark study in 2001, 21 a significant survival benefit was observed in patients receiving early aggressive goal-directed resuscitation in the ED and subsequent intensive care. Patients in the treatment group spent 6 hours in the ED receiving ICU standards of care. Recent large publications [22] [23] [24] has put the controversies of protocolised sepsis management in the spotlight. The interventions (fluid resuscitation, antimicrobial administrations, lactate measurement, etc.) advocated in the current study actually constitute the "usual care" practiced in the control groups of these studies. In our study, the majority of the patients were not admitted to ICU. Many of these patients had terminal malignancies or were from a nursing home, often with advanced dementia. Aggressive and invasive treatment for this group of patients may not be appropriate, while many ICU treatment modalities (e.g. central venous oxygen saturation monitoring, invasive haemodynamic monitoring and support, invasive ventilatory support) are not routinely available in the ED due to resources and expertise constraints. Our reported mortality in patients with hypoperfusion is 27%, which is better than those in the intervention group reported by Rivers (30.5%). Those admitted to ICU in our study have an even lower mortality rate of 21.4%.
The post-implementation cohort had a significantly higher proportion of patients with hypoperfusion, while there was no difference in their baseline characteristics, including blood pressure and lactate values. This led to the conclusion that more patients suffering from hypoperfusion were identified because of the increased use of lactate measurement. Although we were able to achieve a significant increase in the use of point-of-care lactate measurement, there would be still a long way to reach the 100% lactate measurement level recommended by the 'Surviving Sepsis campaign'. Our study also suggested that many cases of sepsis were undiagnosed, especially when a more dramatic clinical presentation masked the underlying sepsis syndrome. For example, acute exacerbation of chronic obstructive airway disease, acute pulmonary oedema and diabetic ketoacidosis could often be triggered by a concurrent infection.
The increased antibiotic utilisation rate was probably due to combination of the sepsis guideline, the suggested empirical antibiotics table and the centralised convenient storage of antibiotics. Antibiotics must be available in the ED for immediate use for patients with sepsis, severe sepsis and septic shock. While care must be taken to avoid hasty administration of any drugs before a full allergy history is available, patients with sepsis require urgent antibiotics and all EDs must hold a stock of appropriate antibiotics for emergency use.
We were unable to demonstrate an overall survival benefit as many other factors affected patients' care after admission to the inpatient units, and our contact time with the patient in the ED was short (<1 hour in >95% of cases). A larger sample size would be required to conclusively demonstrate survival benefits in the subgroup with hypoper fusion. There was no improvement in blood culture collection rates, and we suspected that this could be due to the fact that blood cultures needed to be taken by medical staff instead of phlebotomists by the current hospital policy. Providing training for the phlebotomists to perform aseptic blood cultures may greatly increase the utilisation of blood cultures during resuscitation.
There were also no differences in the rates of hypoxaemia and hypotension at the end of resuscitation. This could be due to withholding of invasive haemodynamic and ventilatory support in patients whose pre-morbid functional state were very poor and such aggressive procedures were deemed inappropriate. Alternatively, it could be due to the pressure on ED physicians and nurses to admit the patient as soon as possible due to the large numbers of patients seen in our ED, a situation which could be improved if staffing levels were higher.
Limitations
This study was not designed and adequately powered to detect differences in patient outcomes improvement; hence, most patient outcomes measurements did not reach statistical significance. Secondly, there was potential selection bias as the inclusion criteria was based on the Hospital Authority triage guidelines. 4 Lactate levels were not used as one of the inclusion criteria (as lactate results were not used for triaging); h e n c e , s o m e p a t i e n t s w i t h s e p s i s i n d u c e d hypoperfusion were not selected into the study. Lastly, antibiotics administrations and the use of lactate measurements could fade overtime as clinical staff turnovers and novelty effect weans. A prospective study with a larger sample size should be done to detect any actual patient outcome benefits.
Conclusion
We recommend the use of departmental sepsis management guidelines tailored to local practice, akin to guidelines for polytrauma and reperfusion for myocardial infarction or acute stroke. These guidelines need to be accompanied by educational activities. We also recommend the use of a point-of-care lactate analyser for all patients who are suspected to have severe sepsis and shock. Commonly used antibiotics should be stored locally in the resuscitation area, accompanied by clearly stated indications and suggested doses.
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